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摘 要
I
摘 要
偶氮苯类化合物由于其独特的可逆顺反异构化性质在高新技术领域有着广
阔的应用前景，如光电存储材料、分子开关、液晶材料、生物医用材料等方面，
因此，有关偶氮苯类光响应材料的研究受到越来越多的关注。有关偶氮苯类化合
物的研究主要集中在有机小分子偶氮苯衍生物、偶氮苯聚合物材料和偶氮苯键连
的金属配合物。其中偶氮苯键连的金属配合物研究较多的有 Cr、Cu、Co、Fe、
Zn、Pd、Pt 等过渡金属离子配合物。对于偶氮苯键连稀土金属配合物的研究较
少，虽有极少几篇报道但并未提到偶氮基团的光异构化性质对稀土配合物光学、
磁学、电学等方面的影响。
由于稀土离子独特的电子结构和性质，稀土配合物具备发光强度高、颜色纯
正、荧光寿命长等优点。如稀土-β-二酮配合物是研究较多的一类稀土发光材料。
为提高稀土-β-二酮配合物的稳定性及光学活性，人们一方面不断的致力于合成
新的β-二酮类配体；另一方面，不断尝试引入含功能基团的第二配体以得到功能
性质更好的三元稀土配合物。本文在稀土β-二酮配合物中引入了含偶氮基团的第
二配体，围绕含偶氮苯衍生物的稀土β-二酮三元配合物的设计合成及其光响应特
性进行了如下几个方面的研究：
第一章为绪论，总结了偶氮苯类化合物的光致异构化机理及偶氮苯类光响应
材料的研究现状，着重介绍了偶氮苯键连的稀土配合物的研究概况，提出了本文
的研究重点。
第二章合成了一种含苄基吡啶螯合基团的偶氮苯衍生物及其相应的稀土离
子(La3+, Eu3+, Gd3+, Yb3+) β-二酮三元配合物，获得了四个稀土配合物的晶体结构，
并通过元素分析、核磁、质谱、红外光谱分析、X-射线晶体衍射进行了相应的表
征；研究了偶氮苯衍生物及其相应的稀土配合物在不同溶剂和 PMMA 膜中的光
致异构化性质。结果表明，推电子取代基的引入降低了其光致异构化量子产率及
光致异构化速率；所获得的稀土配合物兼具稳定性及偶氮苯的可逆光响应性质；
且 Eu、Yb 稀土三元配合物具有常温荧光发射，含偶氮苯基团的 Eu、Yb 稀土三
元配合物是一类潜在的多功能分子基材料，在光电存储材料、分子开关等方面具
有广阔的应用前景。
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘 要
II
第三章合成了具有对称性结构的偶氮苯衍生物及其相应的四个稀土离子
(La3+、Eu3+、Gd3+、Yb3+)配合物，获得了配体－4, 4’-二(N, N’-二甲基吡啶苯甲
酰肼)偶氮苯(简称 diPBPM)及其 Yb3+配合物的晶体结构，通过质谱、核磁、元素
分析、红外光谱、X-射线晶体衍射及粉末衍射对其成分及纯度进行了表征；研究
了配体 diPBPM 及其相应的稀土配合物在不同溶剂和 PMMA 膜中的光致异构化
性质；配体及配合物在乙醇或乙腈中均能完成反式-顺式-反式的光致异构化转变，
反应可逆、符合一级反应动力学方程；在 PMMA 膜中，配合物异构化性能有所
降低，且异构化行为不能用一级动力学方程拟合。配体的光异构化量子产率Φt－c
是配合物的 2-3 倍；溶剂极性的增加，对于配体及多数配合物而言，会不同程度
地降低其Φt－c和反式-顺式异构化反应速率常数 kiso。同时 Eu 和 Yb 配合物具有常
温荧光发射。
第四章对本文的工作进行了总结。
关键词：光致异构化；偶氮苯；稀土配合物
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Abstract
Azobenzene has received versatile applications in the filed of high technology
due to its distinctive reversible photoisomerization, for example in optical information
storage materials, molecular switches, liquid crystal materials, biomedical materials
and so on. Its photochromic property is achieving more and more attentions in recent
years, especially in the pure oiganic small molecular azobenzene derivatives, azo
polymers and azo-attached metal complexes. The related researches on azo-attached
metal complexes, including a wide range of metal centers such as Cr(III), Cu(II),
Co(III), Fe(II), Zn(II), Pd(II) and Pt(II). However the azo-attached lanthanide metal
complexes are barely reported. Although several literatures related on azo-attached
lanthanide metal complexes, they did not study the reversible trans-cis
photoisomerization property of azobenzene.
Because Lanthanide possesses unusual electronic structure and properties, the
Lanthanide complexes exhibit significant advantages, such as high luminous intensity,
color purity, long fluorescent life and so on. Ln(III) complexes with β-diketonates
have been achieved more attentions among these rare earth luminescent materials. To
improved their stability, on one hand, people devote attentions to design more unique
β-diketonates derivatives; on the other hand, other functional ligands are introduced
to act with β-diketonates. In this paper, we introduce the azo derivative as the second
ligand, around the syntheses and studies of photoisomerization of different azo
derivated Ln(III) β-diketonate complexes , we have studied the following several
works:
The first chapter is introduction. The photoisomerization mechanism of
azobenzene compounds and the current research progress of azo-functional materials
were summarized. And emphatically some researches about azo-attached lanthanide
metal complexes were introduced. Then the focus research of this paper is proposed.
In the second chapter, two kinds of azo derivatives －4-(phenyldiazenyl)-N,N-
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bis(pyridin-2-ylmethyl)benzohydrazide(PBPM) with 4-((4-(dimethylamino)phenyl)di
azenyl)-N,N-bis(pyridin-2-ylme-thyl)benzohydrazide) and relevant lanthanide (La3+,
Eu3+, Gd3+, Yb3+) complexes were synthesized and characterized by elemental
analysis, 1HNMR, mass spectra and IR spectra. Four lanthanide complexes were
crystallized successfully and identified by X-ray diffraction. The photoisomerization
properties of these compounds in different solvents and PMMA film were discussed.
The introducing of electron donating subsitutent N, N-dimethylamino moiety pulled
down the photoisomerization quantum yield greatly; lanthanide complexes showed
apparent reversible photoisomerization properties; the luminescence properties of
complex Eu3+ and Yb3+ were also discussed, which showed their potential applications
in photochromic materials.
In the third chapter, azobenzene derivatives－ 4,4’-(diazene-1,2-diyl)bis(N’,N’-
bis(pyridin-2-ylmethyl)benzohydrazide) (diPBPM) and relevant four lanthanide
complexes(La3+, Eu3+, Gd3+, Yb3+) were synthesized and characterized by elemental
analysis, 1HNMR, mass spectra and IR spectra. diPBPM ligand and its Yb3+ complex
were crystallized successfully and identified by X-ray diffraction. The
photoisomerization properties of these compounds in different solvents and PMMA
film were investigated. Both ligand and four lanthanide complexes could undergo
reversible trans-cis-trans photoisomerization reactions. And their photoisomerization
reactions in solvents obeyed the first-order reaction kinetics. The photoisomerization
quantum yield (Φt － c) of ligand diPBPM was almost two-three times to that of
complexes. The Φt－c and trans-cis photoisomerization reaction rate kiso decreased with
increasing of solvent polarity. The luminescence properties of complex Eu3+ and Yb3+
were also discussed.
The fourth chapter is a brief summary of the dissertation.
Key words: photoisomerization；azobenzene；lanthanide complexes
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